1. There was a significant positive relationship between sodium-stimulated lithium efflux and systolic blood pressure ( r = 0.512) in erythrocytes of black school children. Weight was also positively and significantly correlated with blood pressure. Although erythrocyte sodium concentration did not bear any significant relationship with blood pressure, it did bear significant inverse relationship with urinary sodium excretion.
Introduction
There is evidence for a relationship between intracellular sodium metabolism and blood pressure in the adult population. Although epidemiological, clinical and animal-experimental research implicates dietary sodium in the aetiology and pathogenesis of hypertension, no systematic studies have been reported on the effects of dietary sodium on intracellular sodium metaCorrespondence: Dr Maurizio Trevisan, Department of Community Health and Preventive Medicine, Northwestern University Medical School, 303 E. Chicago Avenue, Chicago, IL 6061 1, U S A .
bolism. Two studies, one observational and one experimental, were carried out to explore the relationships between dietary sodium, erythrocyte sodium metabolism (intracellular sodium concentration, sodiumkimulated lithium efflux) and blood pressure in pre-adolescent and adolescent youngsters.
Methods

Observational study
The study was an extension of a blood pressure survey among children in the parochial schools of Chicago [ 11. Twenty-nine black school children (10 boys and 19 girls), age 11-15 years, enrolled in the study. After careful instruction all were asked to collect 24 h urine specimens for 7 consecutive days. Blood pressure was measured on two occasions during the week of urinary collection. On each occasion the blood pressure was measured twice, 1 min apart, a random zero sphygmomanometer being used after 5 min rest.
Cuff size was assigned based on arm circumference. Weight was measured in light street clothes without shoes. Urine sodium excretion was determined by flame photometry. Erythrocyte sodium concentrations ("a],,,) was determined after washing the packed cells three times with an iso-osmotic cold solution of MgCl, (1 15 mmol/l). All values were corrected for volume concentration of erythrocytes by comparing the sample haemoglobin with that of the original whole blood corrected to a packed cell volume of 100% (M. Trevisan 2N )}/100 x mean, where d is the difference in value between duplicate samples, and N is the number of duplicate pairs]) are 2.5% and 6.4% for [Nal,,, and Li efflux respectively.
Statistical analyses were performed by using simple and partial correlation techniques.
Experimental study
In a Seventh Day Adventist boarding high school, 21 students consuming a lacto-ovo vegetarian diet completed a trial on moderate salt restriction of 24 days' duration. After collection of baseline data, the participants were randomly assigned to either the experimental or the control group. While the control group continued to eat the school cafeteria meals, the experimental group consumed a special diet of similar composition except for a decrease in sodium of about 70% (from 216 to 72 mmol of sodium a day). During the study random 24 h urine collections and random duplicate meals were collected for sodium analysis. Blood pressure was 'measured on the first and last days of the study with an automatic device (VITA-STAT). The values reported here are the means of two successive readings, 1 min apart, after a 5 min rest.
"a],,, was determined by using the same technique as in the observational study. Statistical analyses were performed with paired t-testing within each group and t-testing across the two groups.
Results
Observational study
In the group of 29 children, mean weight was 53.5 14.0 kg, systolic blood pressure 105. Urinary sodium excretion was negatively and significantly correlated with [Nal,,,.
Urinary potassium excretion did not significantly relate to any of the variables except urinary sodium excretion ( r = 0.673). Weight was significantly and directly correlated with blood pressure ( r = 0.645).
Experimental study
There was a significant decrease in "a],,, in the experimental group at the end of the study period, and virtually no difference was detectable in the control group ( Table 1) . The difference between the differences for the two groups was statistically significant. Changes in systolic blood pressure and weight did not reach statistical significance.
Discussion
Cellular handling of water and ions has been studied in hypertension for a number of years. Impaired movement of water and ions in skeletal Using the same methods as we have employed, Canessa et al. [2] reported an increased rate of Na-stimulated Li efflux in hypertension. The findings reported here of a significant positive correlation between Li efflux and blood pressure provide further support for this association. Na-stimulated Li efflux can be used as an approximate measure of the Na-Na exchange pathway [ 161. Li i s virtually absent from human plasma and it exchanges for Na through Na-Na channels when cells are exposed to an extracellular concentration of lithium. It has been proposed that the Na-Na exchange pathway plays a major role in the exchange between the sarcoplasmic reticulum and the extracellular compartment in parallel with the rest of cytoplasmic Na in smooth muscle cells [171. In the sarcoplasmic reticulum an altered Na-Ca relationship could influence both the strength and duration of muscle contraction 1181, with a resultant effect on peripheral resistance.
Increased Li efflux may not represent a primary defect in the vessel wall but rather may reflect a more generalized alteration in intracellular N a metabolism. In persons with a genetic predisposition, it is possible that excess dietary intake of sodium leads to abnormal cellular sodium transport.
A recent report demonstrated an effect of sodium feeding on an inhibitor of Na+, Ktdependent ATPase [191. Using a cytochemical technique, de Wardener et al. were able to show that the circulating activity of this inhibitor was 25 times higher in plasma taken from individuals on a high salt diet compared with the activity on a low salt diet. Although the primary effect of this inhibitor may be on the kidney, allowing excretion of excess sodium, it could also affect the arterial wall and contribute to the initiation of increased peripheral resistance.
A significant negative correlation between [Nal,,, and urinary Na excretion has not been previously reported. A negative relationship between total Na efflux and urinary Na excretion has been reported in hypertensive individuals, but was not found in those with normal blood pressure [ l l l . The significance of minor differences in Na output in this population with a high and relatively homogeneous level of intake remains to be established. These findings require further confirmation before they can be interpreted in a manner consistent with current knowledge. Changes in systolic blood pressure observed in the intervention study did not achieve statistical significance. In view of the small sample size and short duration, this finding must be interpreted with caution. Sizeable reduction in dietary sodium was associated with a significant fall in intracellular sodium level at the end of the 24 day experiment.
In conclusion, data presented here support the hypothesis that a relationship exists between intracellular Na metabolism and blood pressure, and that some aspects of intracellular Na metabolism are influenced by dietary Na intake.
